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(54) Title: LATERAL BRANCH JUNCTION FDR WELL CASING 
(57) Abstract 



A well casing junction (II) con- 
nects an upper string of casing to a 
pair of lower or branch string! mat di- 
verge from each other. The junction tool 
has an upper section (13) and a pair of 
branch sections (25. 27) that join the up- 
per section and each other. The junc- 
tion cool Is collapsed for running into 
the well along with casing. To collapse, 
a force is applied to opposite sides to 
create Identical, deep depressions in the 
opposite sides of the junction tooL Once 
in position, internal pressure forces me 
depressions outward to assume an ex- 
panded position. A support member (35) 
locates at the junction and between the 
two branch sections. 
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LATERAL BRANCH JUNCTION FOR WELL CASING 

Technical Field 

This invention relates in general to the construction of a lateral branch for a primary well and 
particular* to a^ 
liner casing. 
Bactfmunri Art 

In recent years, well construction technology has yielded substantial increases in well 
prcductiviry with the spread of horizontal drilling for the bottom end section of the well. Unfortunately 
horizontal drilled wells provide limited zonal isolation and do not always permit good completion 
practices regarding the independent production of different production zones. Research efforts are now 
cooratratingoo.lKpossMity^ 

well to enhance further reservoir productivity. Also lateral branches open the potential of tapping 
several smaller size reservoirs spread around from one single well without the need to sidetrack and 
redrill the well when moving the production from one production zone to the next The challenge with 
multilateral completion is to install a junction apparatus having adequate internal and external pressure 
capability without relying only on the strength of the local rock formations. 

Some prior art junction apparatus designs are based on a low angle side branch casing 
connected to a window on the main borehole casing. Some prior proposal, require in situ milling of a 
window or a section in the main borehole casing. Milling steel casing downhole is a difficult task. 
Also, while there are numerous proposals for sealing the branch liner casing to the window, 
unprovemems are needed. One design deforms a cotrtplete junction assembly to offer a diameter equal 
or less than the diameter of the main borehole casing and expanding it in situ to the fall cylindrical 
shape. In that design, the junction assembly may be elastomeric or memory metal The junction 
assembly is expanded within an enlarged section of the well formed after a section of the casing is 
25 milled out 

Due to me side window based connecting link between the main borehole casing and the 
branch outlet, all these configuration offer poor internal pleasure capacity and even more limited 
collapse capability when the junction is located in unconsolidated or weakly consolidated formations. 
The poor internal pressure capability and resistance to collapsing exists even when they are faDy 
cemented since cement does not work well in traction. It is therefore highly desirable to have a 
jur^onaRjeratus offering good inters capabdrty to pennit a wide fixedom in 

me location of lateral junction mdependem frcw me strertgto of the c^^ 
rock formation. 
Summary nHracmiaa 

The junction apparatus in mis invention has an upper section that connects to an upper Bring 
of casing. Aoairofbrar^secticMjomeariote and with a tower end 

ofthe upper section. Each branch connects to a lower string of casing. The apparatus is forced into s 
colUpsed configuration prior to running into the well. While in the well, the apparatus is expanded 
back to an expanded configuration. While in the collapsed position, a tower portion of the upper 
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section if deformed «, tot . pair of deep depression, or bights locale, on me outer side, me 
depression, being 180 degrees ar^ from each other and faring in opposite directions. Also, these 
depressions extend into an upper portion of the branch sections. 

la addition, a support member is joined to the upper section at the junction, the support 
5 member having a tai. section that extends between the branch sections. The support member has arms 
that extend upward and join the upper section. The tail section comprises a pair of bn.es 
™«conneaedby.web. The web defines an inner separation wall between the two branch sections 
and preferably has a portion of substantially constant thickness. 

While in the well, atonal pressure is appiied to force the depresstons to dtsappear Scupper 
10 section will expand in diameter. The branch sections move outward and assume a cylindrical 
configuration. 

Brief BeapptigD at r^ymgi 

Figure 1 b . «de elcvational view illustrating a junction apparena in accordance with mis 
invention connected into a mam string of casing and shown in a collapsed position. 
15 Figure 2 b a side elevational view similar to Figure 1, but showing the junction app^ 

expanded to a set position. 

Figure 3 is a sectional view of the junction apparatus ofFigure I. taken along me line 3-3 of 

Figure I. 

Figure 4 i, a sectional view similar to Figure 3, but taken along the line 4-1 of Figure 2 to 
0 show the apparatus expanded. 

Figure 5 b .sectional view of the junction apparetus of Figure I, taken along the line 5-5 of 

Figure I. 

Figure 6 is a sectional view , titular to Figure 5, but taken along the line « of figure 2 to 
show the apparatus expanded. 

5 Figure 7 is a sectional view of the junction apparatus of Figure 1. taken along me line 7-7 of 

Figure 1. 

Figure 8 is a sectional view similar to Figure 7, but taken along the tine 8-8 of Figure 2 to 
show the apparatus expanded. 

Figure 9 is a sectional view of the junction apparatus ofFigure 1. 1^ along the line 9-9 of 

' Figure I. 

Figure 10 is a sectional view similar to Figure 9, but taka,^ong«heline'lO-10ofFi6ure2to 
show the junction apparatus expanded. 

Figure lib a sectional view of the junction apparatus of Figure 1 , taken along the line 1 1-1 1 
of Figure 1. 

Figure 12 b a view similar to Figure M.bwtalcenmoiigmeline ^-UofRgureamslHWthe 
junction apparatus expanded. 

Figure 13 is a sectional view of the junction app»wus of Figure I, taken along me line 13-13 
ofFigure 1. 

Figure 14 is a sectional view similar to Figure 13, but taken along the line 14-14 ofFigure 2 to 
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show the junction apparatus expanded. 

Figure 15 is a sectional view of the junction apparatus of Figure I, taken along the line 15-15 
of Figure 1. 

Figure 16 is a sectional view similar to Figure 15. but taken along the line 16-16 of Figure 2 to 
5 show the junction apparatus expanded. 

Figure 17 is a sectional view of the junction apparatus of Figure 1, taken along the line 17.17 
of Figure I. 

Figure 1 8 is a sectional perspective view of the junction similar to Figure 17. but taken along 
the line 18-18 of Figure 2 to show the junction apparatus expanded. 
10 Figure 19 is a sectional view of the junction apparatus of Figure I , taken along the line 19-19 

of Figure 1. 

Figure 20 is a sectional view similar to Figure 1 9, taken along the line 20-20 of Figure 2 to 
show the junction apparatus expanded. 

Figure 21 is a sectional view of another embodiment of the junction apparatus of Figure I, 
15 taken along the line 2 1-21 of Figure 1. 

Figure 22 is a sectional view of the junction apparatus similar to Figure 4. but shown taken 
along the line 22-22 of Figure 2 to show the junction apparatus expanded. 

Figure 23 is a perspective view of a support member for the junction apparatus of Figure 2. 

Figure 24 is an enlarged, partially sectional view of the support member of Figure 23 installed 
20 in the junction apparatus of Figure 2. 

Figure 25 is a side elevations! view of an alternate embodiment of a junction apparatus, 
shown m an expanded position. 

Figure 26 is a sectional view of the junction tool of Figure 25. taken along the line 26-26. 
Figure 27 fa a sectional view similar to Figure 26, but showing the junction tool in a collapsed 

25 position. 

Figure 28 is a sectional view of the junction tool of Figure 25. taken along the line 28-28. 
Figure 29 is a view similar to Figure 28. but showing the junction tool in a collapsed position. 

Figure 30 is a sectional view of the junction tool of Figure 25. taken along the line of 30-30 of 
30 Figure25. 

Figure 3 1 is a view similar to Figure 40. but showing the junction tool in a collapsed position. 

Figure 32 is a sectional view of the junction tool of figure 25, taken along the line 32-32 of 
Figure 25. 

35 Best Mode for Carrying Oct the Invent^ 

Referring to Figure I and 2, the junction apparatus or member 1 1 fa connected uro ^ 
casing and lowered into an open hole wellbore until it reaches an enlarged section of the wellbore. 
Junction member 11 then is pressurized by fluid pressure from the surface, causing rt to move from the 
collapsed position m Figure 1 to the expanded set position of Figure 2. While in the expanded 
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P«it.on. junction member . I resembles „ inverted Junction member 11 h* an upper end 
section 13 that fa cylindrical and conneos into the string of casing that is being lowered into the 
wellbore. Upper end sectio „ . 3 is me same d.ameter as the casing. An upper enlarged section 15 jouu 
upper end section 1 3. having an upper end welded to the lower end of upper end section .5 Upper 
5 enlarged secnon .5 u conical, diverging in a downward direction and resulting in a greater diameter a, 
* lower end a. section line 10-10 than at iu upper end. Upper enlarged section .5 ha, an axis .6 that 
is inclined relative to main casing axis 17. 

A conical lower enlarged section 19 has an upper end welded to part of the lower «d of upper 
enlarged section 15. to the embodiment show* conical tower enlarged section 19 i, much shorter in 
» Imgth than the length of upper enlarged section 15. Conical tower enlarged section 19 converges m a 
downward direction, as can be seen by comparing Figures 12 and 16. Conical lower enlarged section 
19 comprises one-half of a eone wM, a dkmeter at to tower end that fa substantially «he We as the 
diameter of upper end section 13. 

A conical lower enlarged section 21 also join, the lower end of upper enlarged section .5 
Conical lateral section 21 may be the same length as conical tower enlarged section .9. bu, fa 
preferably of a lesser diameter. Both corucal lower enlarged section ! 9 and 21 are joined togemer via a 
formed section 1 0 which contains U-shaped portion 43. Referring to Figure 12, conical lateral section 
21 form, the right half of junction member 1 1 at section line 12-12, with conical lower enlarged section 
19 forming the left half at that point Conical lower enlarged section 19 and lateral section 21 are 
welded to each other along their inner edges 23. m, inner edge, being in a plane duncon^in, axfa ,6 
of wer enlarged section 15. The shape of junction member 1 1 at section line 12-12 fa somewhat in 
the jhape of a peanut, with a major dimension that is greater than a minor dimensioa 

Referring again to Figure 2, a lower main section 25 of cylindrical configuration fa welded to 
the lower end of conical tower enlarged section 19. Lower main section 25 joins the main casing 
branch (not shown) extending below and is coaxal with upper end section 13 and mam axi, 17 A 
lower lateral section 27 of cylindrical configuration fa welded to the lower end of conical .atera. section 
21. Lower lateral section 27 will support a strmg of lateral or branch casing (not shown). Adrillable 
plug 29 fa secured in lower Uteral section 27. The diameter of tower lateral section 27 fa preferably 
slightly snutiler than the diame^ Lower lateral section 27 is locked on a 

Utenll^^aju^i,,,^^^^^^^^^ Upperenlarged$ectjoo 
«i» 16 bisect, axe, 17 and 31. with all three axe, 16. 17 and 31 being in .single phne. 

Referring to Fignre, 2. 23 and 24. a support member 35 is welded to the exterior of junction 
member 1 1 at the intersection of lower main section 25 and lower lateral section 27. These two 
secnous join cacti other at the lower end of the conical lower enlarged section 19 and conical lateral 
«ction21. The junction resembles a crotch area with the two legs being lower main branch portion 25 
and lower lateral branch portion 27. For clarity, suppon member 35 fa not shown in figure 1. 

Suppon member 35 fa generally in the configuration of a T". havmg two arms 37 and a leg 
41. Each arm 37 Has an enlarged portion 39 on to outer end. The enlarged portion, 39 am welded to 
the exterior of conical enlarged section 19 and conical lateral section 21 on opposite sides Leg 41 
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«»^P^»lateralbranca«*31«Bd^ ^ 
owed upper portion btrween n 37 atom eg.fctt . u^,^ 43 tf ^ crotch 

totweeo conical lower enlarged section 19 tod conical fatal tectioa2I. 

fcw&n note 1 1 will fir* be famed „d tat* in fa eapandedamfigorafanofl^ureZ 
5 ThfflkwmbccoD^.ofepojition.hownmr^lfa 

11 b coOapted by • folding machine (not thown) which bean tgafat epposm* «de», • thews m 
figure 3 in the tymmetrkal pfaa, canting die tide wall, to deflect toward, creating depreniooj or 
bigto45.47«0« smtone^othc. Blghti 45. 47 Snoe^ fa depth m i dow^ dwe&a, M 
can be teen by comparing Figure 3 to Figure J. The shape of tigfan 45, 47 win alto change fa, 
lU ™ J » «n be teen bycaimerfagFlgnretS, 7, 9, 1 1, 13. 15, 17 and 19. 

In tlx. coft^pootiondxn^dMoUBstd portion 
tptancfatfatntaran^ Support member 

35 mfaets Sreta dining the coDtpeing proceta, preventing tower main portfoc 25 and tower lateral 
pcrttai 27 from being folded excesrrrely. At the WerfofJaneumKmba U.low»Btjn«tia 0 
25 wm to ereteenMbaped. while tower fatal taction 27 ^a^mc^^j&^wdtdt^Ufy 
nndeflecwL Aturiace ofrerofadonofjt^^ 



is 



13. 

During operation, junction member 11 it totalled fa a «fag of eufag ad towered fato , 
tecum, of the wdl mat has been pmtoatto taimged by reamfag. Jandfaa member 11 wm to ran 
20 wa«fafaeo]fapaodpo«mo«ofFfcm*l. Thm, i?ydranUc pressure is sappHed to the fluid cocttined 
fameimmen^^fajnaatoflmemberll. A plug (not thown) at me cement shoe (not ihown) at 
the lower cad of the main c«ing oabta hydraulic pressure to be applied through™* me length of 
catmgatm Junction member 11. Tmtineawmcansajmjetictinienfcer 11 toetandtofatmjmtmmi 
with fatal tog 27 moving outward. Ama-reachmgthb portion, a valve wig to thifted at the cement 
25 ^to«n"bfaenmanmto 1 nmmeddotw W rar^ 
fflwuhw surroondiny tho mala cwag, 

When it fa deafred to drill the fatal welfare, me epemor «« a ddtocfa <n* atoim) to 
came the drfflbitto enter Ittertl leg 27. TluMbhdri^otaplagWami drflhrnaUteralwel^ 
Uanlea»mgcftiimltodfamta»«mem^ 
30 wenbore^tapportedby.har^rnechnrdsmm^ The lateral eating win be , 



Hgta 25-32 thow an itoaae rmhorBmrnr of Jtmcttnn tool 11. Referring a F^nre 23. 
Jmctton tool 49 to, a cyiindrkal upper .eerton 51. Upper tcctiao 51, es tbown in Figure 26, can be 
contidtred to have two halvm or tidewall porttona 51t, 51b &cmg in oppotitB directiona. sfctowafl 
l»orotm.SIa k 5lbar 8 ««iti<ylmdricm Twn bnmch nectiont 53. 

55 torn upper aeonon 51 tt a junction and atari ttownwnnl n ahown m r^w 25. Each branch 
»^53.55famfa«»odtt»emfa«fnmmmedimemr. Each branch section 53, 55 iodines relstiVe 
to atongmadmrnans 57 of epperacctto. 51 atfaaameaugte. BramnmetoSSmny tootmtkfcmdto 
have <m inner tidewall ponton 53. fat meet an toner tidewall ponton 55. of branch tecticn 55 
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Staihrfy. branch section 53 has an outer half or sidewall portion 53b that face in an opposite direction 
and away from outer sidewa!) portion 55b of branch section 55. 

Referring again to Figure 25. a conical section 59 is located at the upper end of upper section 
51. Corneal section 59 joins a cylindrical end 6 1 that will secure to a lower end of a string of casing. 
11* lower end of branch section 53 secures to a string of casing while junction tool 49 is being lowered 
nuo the well. Initially, branch section 55 will be closed off with a drillable shoe 63. Subsequently 

shoe 63 is drilled out for drilling a branch well anH n«m«« . ™^ r 

» wanca wen and runnmg a casmg Imer mto engagement with branch 

section 55. 

As shown in Figure 32, a support member 65 locates where branch sections 53, 55 join upper 
«cdo»5I. Suppc* member 65Ugeneran yn ,he,h a p e ^ 

67. Arms 67 .re rigid* joined to «r* krwer pc^ of upper section 51. Re fmfag to ^ 2< 
mtenor portions of snns 67 will protrude inward slightly into the bore of tipper section 5 J. 

Referring to Figure, 26 and 28, junction tool 49 may be considered to have a major axis or 
symeUTcalaxise* Major axis 69 bisects equaUy each of me branch sections 53. 55. Am.nor.xis7. 
perpendicuhu- to major axis 69.bisec* equally each of nte arms 67. As upper section 51 bcylimbica. 
-long section line 26-26. the dimensions across upper section 51 at major axis 69 and minor axis 71 
W " "* S3me - H ° WeVCr - "*» mea ^ * *«ion line 28-28. the diamce from outer side 53b to 
outer side 55b along major axis 69 is considerably greater than me distance from the outer surface of 
each arm 67 measured along minor axis 71. 

Referring again to Figure 32, support member 65 also has a web 73 that joins each arm 67 and 
extend, downward. The upperborder end 74 of web 73 is. straight line, with stress relief notches 76 
at each corr^ where upper er^ 74 joins an arm 67 with a radius 75. While moving between the 
collapsed and expanded positions, arms 67 will flex at the junction with web 73. thus the ares, relief 
notches 76 with radius comers 75 reduce strain concentration. 

Web 73 extend, sideways with ribs 79.downw a rd from arm, 67. Rib, 79 are connected to 
each other by web 73. resulting in wh* rray be considered a, a mil. By corr*armg Figmea 28 and 30 
it can be seen that at upper end 74 near section line 28-28, web 73 win form the separating wall 
between branch se«ions 53, 55. Tlx inside wall portions 53a, 55. along section line 28-28 coincide 
wnhweb73. As one proceeds downward, however, web 73 becomes a discrete member spaced 
equidistant between branch section, 53. 55. a, shown in Figure 30 with ribs 79 sticking out. When 
jur^ontool49 is under operatic pressure, the upp^ 

between brand, sections 53. 55. will be highly loaded while being limited in hs thickness by the 
reqtnred drift of the branches section, 53, 55 and might undergo plastic deformation. To spread the 
loaf over . brge ama. taste* of concentrating the highest min on a «r«le line, a coost« thickness 
seetrnnWarormedinwebTX A, shown in Figure, 28, cowant thickness section 80 i, a flat section 
located within the center of web 73 between ribs 79. Constant thickness section 80 i, rectangular and 
extends downward from upper border end 74 for a selected distance. 

To move junction apparatus 49 to the collapsed position, shown in Figures 27 29 and 3 1 
deforming round tools (not shown) are applied on each side portion 51a. 51b along major axi, 69.' 
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These deforming tools press inward toward each other, each forming a single large depression or bight 
81. At section line 26-26, the inner ends of bights 81 are nearly touching each other. Bights 81 fece 
outward in opposite directions from each other. When bights 81 are created, not only will the 
dimension of upper section 51 shrink along major axis 69. but h will also shrink along minor axis 71. 
5 Also, while collapsing, the upper ends of arms 67 move toward each other, resulting in a collapsed 
position effective diameter 85, shown by the dotted lines. 

The same deforming tools also move outer sidewall portions 53b. 55b of branch sections 53, 
55 inward to the position shown in Figure 29. This results in two bights 83 that are continuations of 
bights 81. Bights 83 feces in opposite directions and are located along major axis 69. The inner 
10 surfcee of each bight 83 will touch web 73 at the constant thickness section 80. The effective diameter 
85 is the same as that m upper section 51. 

Referring to Figures 30 and 3 1 , in the collapsed position, bights 83 will be in contact with the 
interior surface of the inner sidewall portions 53a. 55a. In the collapsed position, inner sidewall 
portions 53a. 55a along section line 30-30 will be flat, parallel to each other and parallel to web 73 with 
as stickingout ribs 79, which is equally spaced between. 

Junction tool 49 will be employed the same as in the first embodiment The operator will 
apply hydraulic pressure to the main casing and trie jiiiicrjon tool 49. The hydraulic pressure will cause 
junction tool 49 to move from the collapsed configuration to the expanded configuration. The 
operator then cements die casing and junction apparatus in the well. 
20 The operator will then lower drill pipe through the casing and into branch section 55 to drill 

out plug 63 and to drill the other branch well. After drilling, casing for the other branch well will be 
lowered through the upper string of casing and through branch section 55. A liner hanger will support 
the upper end of the second string of casing within branch section 55. 

The invention has significant advantages. Collapsing the junction tool by pressing inward on 
25 opposite sides to form symmetrical bights provides an effective means to reduce the overall diameter. 
The support member allows movement from the deformed position to the expanded position while 
reinforcing the branch junction to support high operating pressures. The stress relief radius reduces 
strain at the corners between the web and the arms. The constant thickness section in the web spread 
deformation in the highly loaded separating wall between the branches. 
3 0 While the invention has been shown in only two of its forms, it should be apparent to those 

skffled btoe art trial hisnotso liinited. but susceptible to various changes without departing from the 
scope of the invention. 
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I CLAIM: 

1. In t well casing junction apparatus 11 or 49 for connecting an upper string of casing to a pair of 
lower strings of casing, having an upper section 1 5 or 59-51 with a brigitudinai axis 17 or 57 and being 
adapted to be connected to the upper string of casing 13 or 61 above the apparatus, and a pair of 

5 branch sections 25, 27 or 53, 55 that join each other at a junction with each other and with a lower end 
of the upper section and extend downward from the upper section for connection to the lower strings of 
casing, the junction apparatus being movable due to the application of internal force from a collapsed 
position to an expanded position in which both of the branch sections are substantially cylindrical; the 
improvement comprising: 

XO a single depression 45 or 81 located on one side and a single depression 47 or 81 located on 

an opposite side of a lower portion of the upper section 15, 51 while the junction apparatus is in the 
collapsed position; and 

a single depression 45, 47 or 83 in an outer side of each of the branch sections that extends 
downward from one of the depressions 45, 47 or 8 1 from the upper section while the junction apparatus 
IS is in the collapsed position. 

2. The apparatus according to claim 1, wherein while in the collapsed position, each of the branch 
sections has an upper portion with an inner side fig 17 or 53a, 55a that is deformed from its 
configuration while expanded. 

20 

3. The apparatus according to claim 1, wherein while in the collapsed position, the depressions in the 
upper section 45, 47, 81 are substantially symmetrical, and the depressions in the branch sections 45, 
47,83 are substantially symmetrical. 

25 4. The apparatus according to claim I, wherein while in the collapsed position, the depressions on the 
outer side 53b, 55b extends inward into substantial contact with an interior surface of an inner side 53a, 
55a of each of the branch sections. 

5. The apparatus according to claim 1, further comprising a support member 65 joined to the upper 
30 section at the junction, having a tail section that extends between the branch sections and a pair of arms 
67, each of the arms nxtrndmg upward and joining the upper section 51, and wherein a line equally 
bisecting the arms and passing through die axis of the upper section is substantially perpendicular to a 
line equally bisecting each of the branch sections and passing through the axis. 

35 6. The apparatus according to claim 5, wherein the tail section comprises a pair of ribs 79 
interconnected by a web 73 that is located in a plane that bisects the arms, the web defining an inner 
separation wall between the branch sections at the junction with the upper section end having an upper 
portion 80 located on the upper edge of substantially constant section. 
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7. ^«Pfanmuicconlingwcla^ 

moving from the collapsed position to the expanded position. 

8. The apparatus according to claim 5, further comprising stress relief notches 76 formed at a con)cr of 
S each of the arms 67 with the tail section. 

9. A method for providing a junction between as upper string of casing 61 and two lower strings of 
casing, comprising: 

(.) providing a junction apparatus I lor 49 that comprises an upper section 15 or 51-59 and , 
10 pair of branch section, 25. 27 or 53, 55 that join each other at a junction with each other and with . 
lower end of the upper section tad extend downward from the upper section; 

(b) collapsing the junction apparatus into a smaller effective diameter by forming two 
oppositely mcing single depressions 45. 47 or 81, in a lower ponitm of the opper sectitm, 

single depression 45. 47 or 83 in an outer side wall portion of each of the branch sections; 

(c) connecting the upper section of the junction 15 or 59 apparatus to the upper string of 
casing 13 or 61 and running tr* junction apparatus into the well while collapsed; 

(d) while the junction apparatus is in the well, applying an internal force to the junction 
apparatus to cause the depressions 45, 47 or 81. 83 in the lower portion of the upper section and in the 
branch sections to substantially disappear, and causing fie branch sections 53. 55 to move apart from 

20 each other. 



15 



25 



10. The method according to claim 9, wherein step (d) is performed by applying internal Quid pressure 
to the junction apparatus. 

11. The method according to claim 9, wherein one of the lower strings of casing is attached to one of 
the branch sections prior to running the junction apparatus into the well. 

12. The method according to claim 11, wherein the other of the branch sections is plugged prior to 
running in the well, and stcp(d) Is performed by applying internal fluid pressure to the junction 
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